used not only for the identification of unknown peptide synthetasc genes by hybridization experiments but also in sequencing reactions as primers to identify internal domain sequences. Using this method, a 25.8-kb chromosomal DNA fragment bearing a part of the surfactin biosynthesis operon was cloned and partial sequences of two internal domains were obtained.
INTRODUCTION
Many organisms are known to produce large multifunctional enzymes catalysing the biosynthesis of linear and cyclic peptides. Recently, peptide synthetases from both bacterial and fungal species have been identified and the genes which are clustered into large operons have been cloned [1] [2] [3] [4] [5] and sequenced. The non-ribosomal synthesis of those peptides follows the thiotemplate mechanism [6] . in reactions analogous to the activation of amino acids catalysed by the amino acyl tRNA synthetase, the constituent amino acids in the peptides are activated in the fo~m of amino acyl adenylatcs at the expense of ATP. The activated amino acids are then covalently bound via a thiocstcr linkage to the corresponding active site in the peptide synthetase. This is followed by peptidc bond formation and transpeptidation of the growing peptide chain catalysed by the cofactor 4'-phosphopantetheine. These reactions seem to be common to most multifunctionat peptide synthetases.
it has been shown by DNA-sequencing that the peptide synthetases consist of repetitive homologous domains. Each domain is responsible for the activation of one amino acid constituent of the peptide. Sequence comparisons of these domains revealed highly conserved motifs which appear to be the putative functional regions for amino acid activation, ATP-and phosphopantetheinc binding. Despite their diverse origins, the domains from different peptide synthetases show a high degree of c~mservation [11] . They show not only homology to themselves but also to other adenylate-forming enzymes like 4-coumarate :CoA ligase of parsley [12] , acetyl CoA synthetase of Neurospora crassa and AspergiUus nidtdans [13] and the firefly luciferase [14] .
The Gram-postive bacterium Bacillus subtilis ATCC 21332 produces the lipopeptide antibiotic surfactin [7] . It contains a cyclic heptapeptide and ~-hydroxydecanoic acid. In previous studies a surfactin-producer strain B. subtilis OKBI05 was constructed by transforming a non-producer strain (B. subtilis JH642)with chromosomal DNA from the surfactin producer B. subtilis ATCC 21332 [8] . In OKBI05 a genetic region was identified (srfA) which is involved in the production of surfaetin [9] . Biochemical studies have also proved the involvement of two multi-enzymes in the synthesis of the cyclic heptapeptide part of surfactin [10] .
In the present study we report on the identification of two domains from the surfactin synthetase operon in the surfactin producer strain B. subtilis ATCC 21332. We used two highly conserved motifs obtained by sequence comparisons of domains from gramicidin S synthetase 1 and 2 [1, 11] , tyrocidine synthetase 1 and 2 ( [2] ; Weckermann and Marahiel, unpublished data) and ACV (6-(L-a-aminoadipyl)-L-Cysteinyl-D-valine) synthetases [4] to synthesize two 35-mer oligonucleotides 'core I' and 'core 11'. Here we report on the identification of a large part of the surfactin biosynthesis operon using those oligonucleotides in hybridization and in sequencing reactions.
MATERIALS AND METHODS

I. Bacterial strains and plasmids
B, subtilis ATCC 21332 is described in [7] , Escherichia coil JM 105 was used as the recipient strain for plasmid transformation and E. coli P2 392 was used as the host strain for recombinant lambda EMBL3 phage. Plasmid pMMNI [9] was a gift from M.M. Nakano. To subclonc DNA for sequencing we used pBluescript SK(-).
Constnwtion of an EMBL3 gene library of B. subtilis A TCC 21332
A genomic library of B. subtilis ATCC 21332 was constructed in the EMBL3 vector according to the standard protocol from Boehringer Mannheim.
Southern hybridization
Oligonucleotides 'core i' and 'core !1' were end-labelled by standard methods [15] , plasmids were labelled using the Multiprime Kit (Amers. ham). Southern hybridization reactions were performed as described earlier [15] .
DNA sequencing
DNA was sequenced using the T7 Sequencing Kit (Pharmacia). To determine the sequences of pSBI0 and pSBII we used 'core l' and 'core 11', T7 sequencing primer (Promega), reverse MI3 primer (Gibco BRL) and the following oligonucleotides: srfl41, 5'-CGTTGTGCCTGTATACG-G-3'; srfl411, 5'-ACTGGCATTGCTGATCGG-3'; srf091, 5'-TI'CAAAGCCTATGTCCAG-3'. srfl41, srfl411 and srf091 were purchased from M. Krause, lnstitut for Molekularbiologie und Tumorforschung, W-3550 Marburg; 'core I' and "core 11' were provided by S.S. Patil.
Computer analysis
We used CLUSTAL, GAP and PRE"ITY from the HUSAR program package on the GENIUSnet computer in the German Cancer Research Center, Heidelberg. The HUSAR package is an extended UNIX version of the UWGCG program package [16] .
RESULTS AND DISCU~iSION
!. Oligom~cleotides 'core !" and 'core I1' deduced from sequence eoml~mSOnS
Amino acid sequence comparisons from peptide synthetases revealed a high degree of homoLogy ill]. Each multi-enzyme peptide synthetase consists of one or more highiy conserved domains, depending on the number of amino acids to be activated. Within those domains fi~e motifs were localized, which show about 65-70c~ , homol-177 ogy [17] . Oligonucleotidcs homologous to the first two motifs were synthesized and used as probes to detect their potential for the identification of unknown peptide synthetase genes. The amino acid sequences from the B. breris tyrocidine synthetase 1 and 2 ([2]; Weckermann and Marahiel, unpublished data), gramicidin S synthetase ! and 2 [1, 11] and Penicillizmz cho,sogenum ACV synthetase [4] were compared to get a consensus sequence for the first and second conserved motifs, "core !' (KAGGA) and "core i!' (YTSGTI'G) (Fig. 1) . At some wobble positions, it was necessary to offer a mixture of nucleotidcs in the polymerizing reaction. At other wobble positio~, we decided to use inosine to get a high variability of the oligonucleotides. At the end of oligo,ucleotidc synthesis wc had a mixture of 64 different oligonucleotides in the case of 'core 1' and four different oligonucleotidcs in the case of "core II' (Fig. I) . Also the nucl¢otid¢ number between the conserved motil~ are indicated and the deduced amino acid sequences are shown. GrsA. gramicidin S synthelase I" G~BI-4. gramicidin S synlhelase 2; TycA. lyrocidine synlhelase I: TycBl-2. tyrocidinc synthcta,,;¢ 2; PcbAB I-3. ACV syntbelase.
Hybridization of 'core Ii' with chromosomal DNA from peptide antibiotic producer strahzs and EMBL3 clones from B. subtilis A TCC 213.72
The hybridization experiments showed that 'core i1' shows specific binding to DNA fragments in the EcoRl, Hindlll and Sail digests of chromosomal DNA and to the EcoRl and Sail digests of phage DNA (Fig. 2) . Single fragments belonging to known peptide synthetase genes in chromosomal DNA digests were recognized by the 'core'-oligonucleotides ( Fig. 2A) . For example, the genes encoding tyrocidine synthetase I (tycA) and 2 (~cB) in B, bret'is ATCC 8185, which contain two internal Hindlll fragments of 2.5 and 1.5 kb, were visible in the hybridization pattern ( Fig. 2A) . Based on the sequencing data of tycA and the sequencing data of the 5'-region of tycB we could not associate any of the other fragments in the digests of Hiotdlll (6, 5.5 and 4 kb) and Sail (9, 7, 6, 4 and 3 kb) (Fig. 2A) with the tyc operon. The signals that could not be associated with genes from the tyc operon (see above) probably result from the hybridization of 'core ii' with genes involved in the production of linear gramicidine, a linear peptide antibiotic produced by B. breris ATCC 8185. On the other hand, in the chromosomal DNA from the gramicidin S producer B. bret'is ATCC 9999 (Fig. 2A) 'core II' identified the two EcoR! fragments (7.7 and 5,5) and the four Hindl|! fragments (3.8, 2.8, 2.6 and 2.11 kb) known to be located in the grs operon based on sequencing data [1,1 I] . The other signals in the digests with EcoRI (20, 9 and 2.5 kb) and Hindlil (6, 5 and 2. 3 kb) could not be located within the grs operon [1, 11] . in the digests of chromosomal DNA from the surfactin producer B. subtilis ATCC 21332 'core I1' recognized fragments in the digest with EcoRl (9, 7.4, 6, 5.5 and 3.4 kb) and Hindlll (3, 2.5, i.9 and 1.4 kb) ( Fig. 2A) .
Because the surfactin producer strain B. sub. tilts ATCC 21332 is not accessible to genetic manipulation and the genes involved in surfaetin synthesis were not identified, we constructed a KAGGA motif ('core i+) and the YTSGTTG motif ('core I1') were determined. We used additional oligonucleotides, T7 and reverse MI3 sequencing primer to complement the sequences of the inserted DNA of pSBIO and pSBII. The sequencing data revealed mismatches between 6 and I4% for both oligonucleotides 'core I' and "core !!'. Sequence comparisons of the deduced amino acid sequences of the inserts of pSB10 and pSBII with the four domains of gramicidin S synthetase 2 [11] show a high degree of conservation (about 60% similarity and about 40% identity) (Fig. 4) . Those highly conserved motifs which are charactertstic for many peptide synthetase domains [17] are shown to be present in the deduced amino acid sequences of pSB10 and pSB 11.
The results obtained using oligonucleotides 'core !' and 'core II' derived from the conserved regions of known peptide synthetases show that this is a useful and rapid method to identify unknown peptide synthetase genes not only by hybridization experiments but also by direct sequencing.
